Multiple lines of evidence implicate striatal dysfunction in the pathogenesis of dystonia, including in DYT1, a common inherited form of the disease. The impact of striatal dysfunction on connected motor circuits and their interaction with other brain regions is poorly understood. Conditional knock-out (cKO) of the DYT1 protein torsinA from forebrain cholinergic and GABAergic neurons creates a symptomatic model that recapitulates many characteristics of DYT1 dystonia, including the developmental onset of overt twisting movements that are responsive to antimuscarinic drugs. We performed diffusion MRI and resting-state functional MRI on cKO mice of either sex to define abnormalities of diffusivity and functional connectivity in cortical, subcortical, and cerebellar networks. The striatum was the only region to exhibit an abnormality of diffusivity, indicating a selective microstructural deficit in cKO mice. The striatum of cKO mice exhibited widespread increases in functional connectivity with somatosensory cortex, thalamus, vermis, cerebellar cortex and nuclei, and brainstem. The current study provides the first in vivo support that direct pathological insult to forebrain torsinA in a symptomatic mouse model of DYT1 dystonia can engage genetically normal hindbrain regions into an aberrant connectivity network. These findings have important implications for the assignment of a causative region in CNS disease.
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Introduction
Dystonia musculorum deformans ("Oppenheim's dystonia") is an inherited neurodevelopmental movement disorder (DYT1 dystonia) characterized by sustained, involuntary twisting movements and disabling postures (Breakefield et al., 2008; Fahn, 1988; Fahn et al., 1998; Ozelius and Lubarr, 1993) . DYT1 dystonia is caused by a dominant three base-pair deletion (ΔGAG) in the TOR1A gene that eliminates a single glutamic acid residue (ΔE) in the C-terminus of the AAA+ protein torsinA (Ozelius et al., 1997) .
Convergent evidence from human and animal studies establishes the striatum as a key region in dystonia pathophysiology. Lesion studies point to an association between disturbed putaminal integrity and clinical symptoms in patients with secondary dystonia (Bhatia and Marsden, 1994; Burton et al., 1984; Fross et al., 1987; Marsden et al., 1985) . Deep brain stimulation of major striatal output targets such as the globus pallidus internus and subthalamic nucleus is an effective therapy for DYT1 dystonia (Kupsch et al., 2006; Ostrem et al., 2014; Vidailhet et al., 2005) . Moreover, studies in multiple mouse models of DYT1 dystonia have implicated abnormal function of striatal cholinergic interneurons (SCI) to be involved in disruption of cortico-and thalamo-striatal synaptic integration and plasticity (Dang et al., 2012; Martella et al., 2009; Maltese et al., 2014; Pisani et al., 2006; Sciamanna et al., 2012a Sciamanna et al., , 2012b . It remains unclear how striatal dysfunction affects network-level changes in functional connectivity (FC) (Biswal et al., 1995; Fox et al., 2005) 
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